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P RE FACE

The University of North Carolina Sea Grant
College Program has conducted a demonstration eel
culture program near New Bern, North Carolina since
1975. During the first year of operation, diseases
resulted in a complete loss of the young eels being
cultured. At that time, it became painfully evident
that the available information concerning parasites
and diseases of the American eel  A~n uilla rostratal
was extremely limited and of little use to eel farmers
because of its technical nature and narrow scope.
Therefore, one of the project's objectives became
the compilation of literature relating to diseases
of all freshwater eels since it is likely that the
disease problems encountered in the American eel
will involve species of the same zeneia that infect
eels in Europe or Japan, In fact, some of the same
species may be involved world-wide.

The eel disease literature search revealed that
the Japanese Fisheries Agency had produced the Fish
Disease Diagnosis Guide I, authored by Shuzo Egusa
and Akio Honma in 1974. One section of this guide
contains in formation on disease diagnosis and treat-
ment for eels, primarily A~n u'lla japonica, cultured
in Japan. Since this information is relevant to
culturing the American eel, the North Carolina State
University Eel Culture Project decided to fund the
translation of the eel section and to have the color
photographs reproduced.. The translation was completed
by Fumiko Gregg, and permission to print the materials
was granted by the Japanese Fisheries Agency. Because
of restrictions imposed by the copyright owners, dis-
tribution of this book is limited to the United
States. Also, because the original negatives of the
color photographs were not made available, it was
necessary to copy the figures directly from the
Japanese book. Thus, while some of the color work
is not as clear as hoped and there is a faint pinkish
banding effect on some figures, the essence of the
material should be of value to both researchers
and private individuals working with the American
eel.

A few other comments regarding this translated
material are also necessary. The text contains some
suggested antibiotics and chemicals for treatment
of particular diseases, The reader should bear in



mind that some of these chemicals have not received
clearance from qovernmental agencies for use on fish
being reared for sale as human food. Before any
chemical is used, thc Iegality of such an application
should be determined so that the crop will not face
possible seizure for beinq contaminated.

Many therapeutic agents are recognized bv a
variety of names. A listing of currently existinq
chemicals may be found on pages 321-329 of the book,
Disease Dia nOSis and Control in North American
Marine A uaculture, by C. J. Sinderman �977,
Developments rn Aquaculture and I'isheries Science,
Volume 6, Elsevier Scientific Publishinq Co,, New
York!. The 1ist includes both generic  scientific!
names and trade names for those chemicals suqqested
for use on ecl diseases.

The text contains the names of several eel
body parts and structures. For those not familiar
with such terminology, definitions may be found.
in the book, Ichth clog , the Study of Fishes by
K. F. Lagler, J. E. Bardach and iR. R. ~ilier, 1962,
Wiley & Sons, Inc , New York.

Finally, the terms which are defined below «re
used in the translated text and require a dcqree of
exp1anation for clarity.

Terms applied to ce]s:

a! black Iarval eels � pigmented elvers

b! whitebait eels � as nearly as can be
judged, these are young eels, 1 to 20
grams in weiqht, which have been in
the nursery pond; synonymous with the
terms seed eels and fry which are
also used in the text.

c! Japanese cel - Anguilla japonica

d! European eel � Anquilla anguilla

e! American eel � Anquilla rostrata

f! Southeast Asian cel � Anguilla. bicolor



IZ. Terms applied to disease conditions and
measurements:

a! Catarrhal inflammation � reddening
of the mucous membranes.

b! Clavated gill filaments � gill filaments
which have become club-shaped.

c! Etiology � the causative agent of a
disease; i.e. the pathogen.

d! Eoci � points or locations of infection.

e! Hypertrophy � exaggerated growth of
a body part.

f! Laparotomy - cutting of the abdominal
wall.

g! Necrosis � localized tissue death.

h! ~ � micron; equal to 0.001 millimeter.

This book was not intended as a technical text
for scientists. It was written primarily for use
by the Japanese eel farming industry, and the trans-
lation is likewise intended for application to eel
culture. Researchers may find it useful in diag-
nosing or treat.ing diseases in eels being kept for
experimental purposes, and we will consider this to
be an added benefit from our work.

William L. Rickards



I. RED FIV, DISEAS3:

Red fin disease is a common contagious bacterial
disease of. eels which has been know for a lcnq time.
Leis infected with it can be found the year round,
but. it is most prevalent between Narch and June when
the water temperature rises, especially during the
period when the eels begin to feed. It. infects eels
at every phase of growth, but it is more widespread
amonq whitebait and black larva1. eels.

During the months of April and Ray when the water
temoerature changes rapidly, red fin disease may
affect seed eels and cultivated mature eels a great
deal. Generally speaking, both the prevalence and
damage caused by red fin disease are less during the
period of high water temperature. If an eel becomes
infected during this perio�, it tends to heal naturally
in one to three weeks after the onset of. the disease.

L'tioloqy

Red fin disease is caused by an infection of the
hector um, Aero ones hydrophi la  A.punctate and A.~li ue-
facicns are syno y.ousl. The character st'cs of thrs
bacterium are: l! it has a single flaqellum at its
extremity, 2! i.t secretes oxidase, and 3! it dissolves
qlucose with an enzyme yielding acid and qas.

qesides Aeromonas hydrophi la, Paracolobactrum
ancluillimort ' f r m  presently nder the genus Ed rd-
siella! is also said to cause red fin disease. In
fact, the infectious symptoms of both pathogens are
similar, and there are many cases of mixed infections,
However, our view is that. it is not appropriate to call
diseases with rlifferent bacterial pathogens by the
same name. Therefore, in this book, the name red fin
disease will be used only for Aeromonas infections
an� the Edwardsiella infections wi3.1 be treated sepa-
rately under the heading of Paracolo disease. Ne
woui i al. o l'.. to add that Vihr o n ui]larum
in,actions, wh .h possess diss.s scone s ar to
those of red fin disease, were not known until now in
Japan. However, we have recently seen outbreaks of
this di seas  in eel qrow-out pon ls in the Shikoku
district,



Diagnosis

The external signs of red fin disease are
characterized by reddening of the anal and pectoral
fins and of the bases of these fins, the ventral
skin, and the anal zone. Bleeding spots on the
belly characterize advanced stages of the infection.
It sometimes causes necrosis or ulcers on the body.
Visceral pathology includes congestion or hemorrhages
of the liver, bleeding or dilation of the wall of the
stomach, mucus repletion, catarrhal inflammation of
the intestinal canal, and congestion or swelling of
the kidneys. Although observations from disscctions
are varied ancl include exceptions, catarrha] inflam-
mation of the intestinal cana] is considered to be

important characteristic symptom of red fin
disease. l owever, abscesses observed in the kidneys
and liver, which have hitherto been said tc be the.
main symptom of red fin disease, are not considered
by us to be the main symptom of this disease, but
rather to be the principal sign of an Edwardsiella
infection.

Though most of the diagnosis can be done from
these internal and external symptoms, it is desirable
to ronclude the di.agnosis only after isolation and
c:u.lture of bacterial pathogens from infected eels,
ronfirmation of their virulence by injecting eels
with cultured pathogens, and other general symptomatic
tests. These procedures are desirablc because the
symptoms of Edwardsiella and Vibrio infections resemble
those of red fin disease, and because the slight
reddening of the fins and the belly observable in
the first stage of infection is not necessarily
peruliar to red fin d]sease.

Measures ter Disease Contrpl

As an ]ntrocluction to the section on measures
for controlling diseases in eels, we would like to
mention some basic prophylactic steps. The best
prophylac.tic measure is to stock sanitary ponds with
healthy wh .tc.hail and seed fish and raisc them at the
proper density and wi h the proper diet without
subjecting them to undue environmenta1. stresses.
Unfortunately, this is easier said than done. In
practice, the best way is to employ at 1east minimum
prophylactic measures, and to try to treat an out-
break at the earliest possible. opportunity. More



specifically, the procedures for the control of
red f in disease are as follow: 1! transfer white-
bait and seed fish to ponds only after the fish
have been well treated in a bath containing medi-
cine such as Furan agents; 2! avoid addinq seed
fish to ponds during the fall and winter; 3! disin-
fect the ponds at least once a year; 4! reduce the
amount of feed during the period when the young eels
beqi.n to feed and when the water temperature is
rapidly changing; 5! strive for early detection of
the disease; 6! be especially careful to inspect
the bottoms of the ponds for dead fish; and
7! remove dead fish immediately and destroy them
properly, i.e. by incineration. If an outbreak
of red fin disease is confirmed, after the above�
mentioned steps are carried out, administer the
appropriate antibiotics. The antibiotics should
be selected after performing a simple susceptibility
test on isolated pathogens because the suscepti-
bility differs qreatly even among individuals of
the same Aeromonas hydrophila species. In case the
diseased fish will not accept. food or if they are
being transferred, they should be treated by the
medicated bath method. Usually the medicine is
mixed into the Eood and is administered continu-
ously for a certain period of time. Dosaqe will
be omitted here since it is regulated by the kind
of medicine, and not by the kind of disease. In
addition, the use of any medicine should be per-
formed under the guidance of specialists since
matters concerning public health have to be taken
into consideration.



Reddening o; the pectoral and anal
tins anc of the bases o these fins,
and of the ventral skin is conspicous.

group of infected eels gathered in
carly spring when the disease ss most
prevalent. Various symutoms can bc
seen. Among other symptoms, wat r
mildew zs often seen among the sick
when the water tempera.tur e is low
 arrows! .

F'igure T � 2.

 Text by Wakabayashi!

 Pictures by T.;gusa!

P gure I � l. A healthy eel  top! and a red fin
diseased eel  bottom!.
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I f, RED SPOT DISEAS E

Discovered for the f irst time in eel qr<>w-<>ut.
ponds in both Shi zuoka ind Tokushima i'refectures in
t he sorinq of 1971, red spot disease is a rel <tj vi ly
new bacteri al disease in eels. <if tcr this i.ncident,
red spot disease was contirmed in t ochi, Yamaquchi,
and Yagasaki Pre fectures. Outbreaks of th i s di sease
be<!i n in early spr inq, decl ininq as the wate~ tempera-
ture rises above 2S O and cess i nq in summ<.r. Though
it occurs iqain in the t i I 1, i t s incidence is not as
urc,it as in the spring, and sometir<es a il 1 oiitbroak
j s not seen. It is general ly recognized that red
spot disease tends to occur in ponds contii nina any
amount of salt  usually located in coastal reqions!
and it ten<is not to occtir in fresh witer ponds. Tt
is also said t.o bc true that,ra<>aneso nels become
i n t e<.t «1 c as i l y, while European eels are hardly sus-
ce;>tible to this disease.

Etiolocy

Diaqnosi s

character isti c. of red soot
of conspicuous bleedi nq spots.
often observed in other similar
fin ci isease; but. the bloc <linq

urs under the transparent outer
that the fi.sh .looks hc:a!thy

d. However, close. examinati.on
body is covered with smal1 but

The most prominent
disca.se is the presence
glacd.in= spots are also
infect.ions, such as red
of red spot disease occ
skin  the epid. imj s! so
when the disease is mil
reveals th it thc.. ent:i re

The red spot disea.se is caused by in., ctions of'
the bacterium, Pseudomonas anqiiilliseptica. This
h,i< terium grows in a meat extract culture medium,
but its growth is slow. Tt takes 3 to 4 days before
th<. bacteria form a colony. Its growth is retarded
when the temper aturc is akiove 10  : and movemento

is ne irly hah ted above ? SoC'.. The bacterium i s .ipprox-
imat<.ly 2 by 0 4 in size, and has a single flaqellum
at its extremity. lt is gram neaative and produces
oxi<lase, but its principal characteristic is that
jt does so witho.it using suqar.



vivi cl spots, In the case of a seri orrs red spot in fect-
ion, the se bleed inq spots will ha ve risen to the
surface, an<i a qentle rubbing mot ion peel s of f. these
9!!ot s toqpther with the outer skin. Rec'.deni nq is not
usually conspicuorrs on the pectoral fin, the anal fin,
or thc anal zone, Internally, swellinq of capillary
vessels, spotty hemorrhaqes of the walls of the abdomi-
nal cavity, and sometimes hemorrhaqes of the liver are
observed, but +hc.y are not severe. Catarrhal inflam-
mation of the intestinal canal is practically non-
existent. Tt is possible to diaqnose red spot clisease
relativelv » asi1v and accurate!y from the above � mentione<3
symptoms,

"<easures for Di .<.ase Control

Althorrqh it i s fairly easy to diagnose red spot
clisease, duo to the tact that there i s about one week
ot the latent infectious period, by the time symptoms
ran be sees with thc naked cye, the fish arc. sufferinq
from ! xi rc me bacterial hemorrhaqes,, and are so criti-
ca[ l i ll that medi c al tr eatrnent cannot save most of
them. Susr<'pt ibility tests show that the culture
bacterium, Pseudomonas anguilliseptica, rs hi qhly
suscepti!>le to antibiotics such as ch]oramphenr.col and
tctrac..yc.line, and Furazoliclone and other Furan agents.
qowever, these clruqs are not very effcctzve when act-
ually given to the diseased eels. This is probably
because the clisease is onlv detected in its late stacres.
T»rcrcfore, it rs necessary to di.scover the infection
before svmptoms become visible and to administer medica.i
t rc.atmr nt.. L!n fortunately, we do not have an of feet i ve
early detect i on methocl at present. r bacterial exam-
ir at i on i s the only available method today; and, bcy
the time red ..pot disease zs foun~, it tends to be too
advanced t.o be cured.

By takinc advantage of the i'act that the bacteria
whic:h cause red spot disease do not tolerate high
temperat.ures, i.t may be possible to arrest red spot.
disease if the pond can be heated to Z6 « 27 c when
svmptoms o rod spot disease are detected,



Ty;>ical hemorrhaqes or! the head of
an cel suffering from red spot. disease.
T'ie red spots are very vivid because
the blr edi nu occurs vc.ry close to
the outer laver o. thc skin. Bleedinq
spots arc. observed on the head at a
fa. i i.'ly early stage of he disease.

Various degrees of hemorrhaging are
shown. The eels at the top arid bottom
of the photograph ,are suffering from
medium degrees of hemorrhaging, while
the eel in the center is in a serious
condition. Tf an eel in this serious
condition is wrapped i.n Japanese rice
paper, starchy blood stains are trans-
ferred to t.he paper. Thus, the disease
used to be called thc "bleed if you
rub" clisease.

Bodily bleedinq is seen to bc quite
heavy, but hardly any reddening i.s
seen on the anal zone or the anal
fin.

 Text by Wakabayashi!

 Pictures 1 and 3 by
Wakabayashi, 2 by L'gusa!
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I I I . PARACOLO DISL'ASE

 ChOman  = SWelling!, Red Fin DieeaSe!

Paracolo disease has been known for a lonq time
in the YOShida area in ShisuOka Prefecture. The
disease called "Choman" by eel breeders is usually
Paracolo disease. They call it "Chapman" probably
because the areas around the anus and the liver swell
to an unusual degree. However, such a swelling symp-
tOm iS nOt peCuliar tO ParacalO diSeaSe alcne. ThiS
disease is most prevalent in summer, but it is not
surprising for it to occur in late sprinq or in early
fall. Paracolo disease has not been reported any-
Where eXCect in ShiZuOka PrefeCture, and itS qeO-
qraphical extent is not clearly known.

The cause of Paracclo disease i.s an infection
Of the baCterium, TbdWardSiella tarda, but SinCe
symptoms of Paracolo disease can seem similar to
those of the disease caused by the bacterium, Aero-
monas h~ntophila, both of these diseases have been
cal led red f in disease even in scienti. fic circles.
However, i.t is not appropriate to call diseases with
different causes by the same name, Furthermore,
since patholoqical differences between these two
bacterial infections have become clear, it is desir-
able both scientifically and practically to give
them separate names. lh!e believe it is appropriate
to call the Aeromonas infection by the name of red
fin discase, and we shall call thi.s i.nfection Paracolo
diSeaSe, deriVing thiS name frnm that of the para-
colobactrum bacterium,

Etiology

The pathogenic bacterium, Fdwardsiella tarda,
belongs to the fami.ly of inteStinal bacteria. It
is gram negative and is a hairy and short bacillus.
Its principal characteristic is that it does not use
lactose, The ranqe of temperatures ip which the
bacteria reproduce is about l5 to 40 C. This0

bacterium used to be called Pa.racolobactrum anguilli-
mortiferum, but this generic name is no longer used
in bacterial taxonomy. Thus, it has been given the
name Edwardsiella tarda.



Diagnosis

Strictly speaking, a bacterial test is necessary
to diagnose Paracolo disease, However, 't is qu.ite
safe to diagnose Paracolo disease on thc basis of a
dissection alone, because many bacterial infection
points of various sizes are likelv to bc observed
in either the kidneys, the liver, or in both. In
eels with advanced symptoms, the tissues of these
organs are melted and ulcers are formed. As can
bc scen from the figures on the next page, most
diseased eels show the characteristic external
symptoms as well. Of course, there are a variety of
symptoms which differ from individual to individual.
Inflammation of the intestines is the principa]
symptom of Paracolo disease, rather than pathological
changes in the kidneys or the liver. Extreme redden-
ing of the skin and/or the fins sometimes bears a
close resemblance to red fin disease. Occasionally,
as the result o poirrts of infection in the muscles
of the body, especially of the belly, reddening appears
on the skin above these infected muscles which resem-
bles the redness produced by red fin disease. These
cases can be diagnosed accurately only by bacterial
tests. There are also cases which manifest compli-
caterl symptoms as the result o a mixed infection
of red fin disease bacteria and Paracolo disease
bacteria.

Measures for Paracolo Disease Control

Tne susceptibility of Paracolo disease bacteria
to chemical treatment di f fers f rom case to case. There-
fore, appropriate medicines should be prescribed accord.�
ing to their directions after a susceptibility test
has been administed. The method of transmission is
not clearly known, but infection by mouth is believed
crucial. Therefore, it is rccommendcd that as soon
as signs of a Pa.racolo disease outbreak are seen, a
Furan agent  nf � -- 180, Furazolidone! should be added
daily to the feed in tho amount. of 0.02% of the feed
for 1 to 2 weeks in order to prevent the infection
from spreading.

11



7'iq ures I I I � 1 8 2

The usua] appearance of eels suf fer-
ing from Paracolo dis< ase. The anal
zone is dark red and distended. The
body is often swollen with the anal
zone protruding duc to the swelling
of the main section of the kidneys.
Also, the body surface above the
infected kidneys frequently manitests
pathological changes.   1J As the
result of the swollen liver, the anter-
ior oart of the belly is often swollen
and the skin on that part shows patho-
logical chanqes and sometimes becomes
ulcerated.   2! Most fish suffering
from Paracolo disease exhibit redness
on the anal fin and also extreme
redness on wide areas of the. belly,
symptoms which close]y resemble
those of red fin disease. There
are, however, fish which die showing
few external symptoms.

12
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Photo 2



Figure I I I � 3 . Dis section

The number of cases of this type
i. s srra 1 1 . In f 1 ammat ion of the
intestines is severe arid the in-
testi nes are swollen. A large
number of hemorrhages can be
scen on thc peritoneum. No abnor-
rnality exists in either the kid-
neys or the liver. This case is
difficult to clistinguish from red
fin discase.

Host of the front half of the
liver is eroded  ~3! and the
position of the swollen back sec-
tion has shifted to the front.
Fully developed foci  ~4! in the
body muscles posterior to thc
kidney arc. aftecf.ing the skin.
No particular abnormality exists
in either thc digc.stivc tract or
the liver.

 c!

Nearly half of the liver is eroded
and the remaining section is dark
brown. There is a large hole in
the belly s!cin right below the
liver  ~3!. This hole is caused
by pathogens from liver foci of
infection which have infeicted the
abdominal wall whose tissue. has
then disintecrrated. ~ost of the
collapsed liver ti.ssue is belie.ved
to have flowecl out. through this
hole. The red lesions  ~6! on
the wall of thc abdominal cavity

14

The main part of the kidney is
enormously swollen. A large ulc.er
caused by the collapsed focus
located at the anterior of the
kidney  ~1! can be seen as well.

dark reel malodorous fluid flow-
ing out of the ulcer c,in also be
sec n. Although not. visible in
this pi.cture, there are many dis-
colored and h;ilf collapsed foci
of infection in the kidneys.
There are also foci  ~2! in the body
muscles. There is no abnormality
in either the digestive tract or
the liver.



and the reddening of the ali-
mentary canal chorion were caused
by an infection of the disease
bacteria flowing out of the liver
lesi.ons. No abnormality exists
in the kidneys. Redness and dis-
tension of the anal zone and swell-
ing of the body around the anus
are not observed in diseased eels
which have mainly liver infections.

Figure III � 4. Dissection

Although there is no abnormality
in the main parts of the kidneys,
the front left section is swollen
and in it there are large and small
white dot-like foci  ~7! and
ulceration can be seen. The body
muscles directly touching these
ulcers also have large and small
holes in them. Dark red fluid
has collected in these holes, and
it produces a bad odor. Since
there was no abnormality in any
other organ, this infection was
discovered only after removing the
alimentary canal and the air
bladder. Diseased eels with only
the front section of the kidneys
infected, as described here, mani-
fest hardly any external symptoms.

 Text by Egusa!

 Pictures by Fgusa!
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IV. GI I.L ROT DISEASE

 Gill Disease, Columnaris Di sease!

Gill rot disease was first observed in eel qrow-
out ponds in Yoshida, Shizuoka in the summer of 1966.
Since then, this disease has broken out in various locali-
ties every summer when the water t.emperature rises.
�oreover, the frequency of outbreaks of this disease
and their resultant damage have been increasing every
year.

Gill rot disease is caused by a myxobacterium
infecting the gii]s. Infected fish do not show any
paTticularly severe symptoms externally. How< ver, when
the gills are exposed, one can often observe  with the
naked eye! a yellow substance adherinq to the gills.
Also, the tips of thc gill filaments are missinq. In
the init.ial stage of this disease, this loss is only
partial and th<. color of the gills is briqht red.
As the diseased condition advances, the decay affects
all of the filaments, filth sticks to the gills, the
color of the gills turns from pink to white, and the
fish manifests an anemic condition, As the anen<ia
proqresses, the color of the viscera fades, the liver
b< comes milky yellow, and the body becomes almost gray-
ish white. The sick eel thrashes about weakly at the
water surface throughout the evening. Diseased eels
are very easily affected by a lack of oxyqen or a
change in water quality and their appetite decreases.

Gill rot disease has a hiqh frequency of occurence
in qrow-out ponds containing adult eels, but it rarely
breaks out in ponds containing seed eels. The fry
in such ponds are especialiy immune. Generally speak-
ing, the occurrence of gill rot disease is higher
in densely populated grow-out ponds. The daily mortal-
ity rate is not very high. Usually a few dozen diseased
eels die every day over a lonq period of time.

Gill rot disease is most common in summer when
water temperatures are high. It rarely occurs in
water colder than 15 C.

Etio~lo y

The pathoqen of gill rot disease is the myxo-
bacterium, Chondrococcus columnaris, which parasitizes
the gills. This bacterial agent is a long, gram-negative

17



bacillus, 3 to Ru x 0.5u in size. It moves in the
zig-zag, slithering manner characteristic of myxobac-
teria and tends to form column or dome-shaped clusters
of bacteria,

~D' a nos i s

Diagnosis should include dissection of the oper-
cula of diseased eels to expose the gills and examin-
ation of the gills to determine if any destruction
of the gill filaments has occurred, and also to see
if yellow mucous clots of bacterial concentrations have
formed. Furthermore, microscopic examination tusing
a magnification of 400x! of smears from gill lesions
should reveal masses of bacteria forming columnar
structures.

Di.sease Control Measures

Since the development of lesions is limited
to the outer surfaces of the gills, diseased fish
may bc treated by dipping them in a medicated bath
containing a nitrofurazone-type medicine. The patho-
gen of gill rot disease is very infectious, but at
the same time it is quite sensitive to antibiotics.
Furthermore, because the lesions are limited to the
body surfaces, a preventive medicated bath is very
effective. It is possible to prevent any OCcurrence
of gill rot disease by treatment in a medicated bath
when the fish are being transferred to grow-out ponds,
provided that there is a separate water source avail-
able .



The pathogen, Chondrococcus colum-
naris, has spread over the gills.
Disintegration of the gill fila-
ments is evident. The yellow areas
are aggregations formed by the patho-
gens,

The tip of the gill is missing.
Bacterial aggregations have formed
only along the missi.ng part, and
the rest of the gill is in relatively
good condition. Although it cannot
be seen clearly from the picture, the
inner gill lamella has been attacked
more severely than the external one.
It is characteristic of gill rot
disease that the inner qill lamellae
are attacked more often than the
external ones. This should bc kept
in mind when perforrninq examinations.

Eels infected by gil] rot disease
either 1! suf fer from sudden death
as th'. result of rapid in festations
of the gills by the pathogen  as
seen in Phato 1!, 2! recovc r from
lesions which occur only on the
tips of the gills  as seen in Photo
2!, or 3! die later of complications
from secondary causes, Which course
infected eels will follow depends on
their physioloqical condition and
environmentally influenced variables.
Also, it greatly depends on the vi.ru-
lence of the oathoqen infecting the
fish. Generally speaking, in eel
grow-out ponds the latter course
is more common than the former, caus-
in:-., small numbers of diseased fish
to die every day.

 Text by Wakabayashi.!

 Photographs by Fgusa!
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Photo 1

Photo 2
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V. TS< I I. ROT DLS I'.AS I'.

 Columnaris Disease!

Tai] rot disease is caused by the same p,«thoqen
as th» one responsible for qill. rot cisease, Chondro-
coccus columnaris. Thc ch«Tac terist:ic of tail rot
dl se«se i s that lesions occur on the f ins,«nd the
body, the tail being most susceptible to the infection.
Tail rot disease, like gill rot disc«sc, occur most
o f t en i n summer when w«ter t emt«erat»res are hi gh,
though its frequency of occurrence is much lowe r t:han
that of gill rot disease. Outbreaks of tail rot
diseas< are rare in ponds stocked with cuttivatod
aoult eels, but are moro frequent in seed eel ponds.

Ln t.hc initial stage of the infect.iort, small
yellow or yel lowi sh white sticky spots aiipe <r or> the
erlg<.s of the fins and on tho body sur face. These
expand graduil1y and develop into conqestions arounrl
lesions and into necrosis of epithelial ti.ssues. The
fin rays, especially those of the caudal ftn, dis-
integrate. This is followed by fraying and sloughing
of the fi.ns as the lesions advance to the anterior
sections of the tail. Severe infections cause the
r«»soles anterior to the tail to rot away exposi nq
the bone structure. 'I'ail rot discas<., if <leveloped
in t'4ay, June, or October when water temperatures are
rclativ< ly low, tends to be compli.cated by water fungi

Etiology

The p ithoqen of tail rot disease is the myxobac-
tr rium, Chondrococcus columnaris, which can be identi-
fied relativel; easily from its characteristic move-
ments and formations of aggregations. yellow viscous
smears from lesions, examined using a 400x microscope,
reveal innumerable long bacteria, 3 to 8 ' x 0.3' in
size. One should notice that most of the bacteria
secure themselves to a surface by one ertd and move
their other end as though they were shakinq their
heads. After a short whi.le, the inriumerable bacteria
gather toqether to form a dome or column-shaped colony.

Di.agnosis

It. is easy to diaqnose tail rot disease from its
char«ctcristic external signs. It is recommended that
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the existence nf the pathoqen be conf'.rmed by micro-
scopic examinations of smears from lesions of diseased
fish in the first staqcs of thc disease. Tail rot
disease in its last stages, or when the ccl is on
the way to recovery, is somet.imes difficult to dis-
tinguish from other infections such as those due to
water fungi and in cases wherr thc pathogens have
disappeared. Because there are other similar myxo-
bactcria apart from Chondrococcus columnaris in the
qrow � out ponds, isolatfon and culturing ~rc nccc.ssary
for accurate identification of thc pathoqcn. F' or
culturing of this type of bacterial agent, a special
culture med>um like cytophagus medium is required,

Measures for Disease ontrol

Sarrc as for qi1I rot disease
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Thi s is a relatively mild case of
tail rot disease, yet the tail is
rather extensively infected  the
infected area is indicated by arrows!

Figurc V � 1

Figure V � 2

Lessions are localized along the dor-
sal fin. The tail tissue has rotted
away exposing the muscles. Bacterial
aggregations are not present, so the
eel should recover unless a secondary
infection, such as a water fungus,
is contracted.

Figure V � 3,

 Text by Nakabayashi!

 Pictures: Photo 1 & 3 by Egusa,
2 by Wakabayashi!
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Thi.s is a relatively advanced case.
The tip of the tail has been sloughed
off. Lesions are expanding and the
ar'ea around the lesions is discolored
 the discolored area is indicated by
arrows!. Bacterial aggregations can
be seen on the second dorsal fin at
the area around the lesions  arrows! .



Photo 1

Photo 2

Photo 3



UI . <IyxOI3ACT!;HIAI V~ILL 3!SI'.ASF.

Myxobactcrial <ii 31 disease occurs frequently
dur i rig p ri o.ls of low water temperatures, especially
r ri r>< tober and Xoveribcr as water temoeratures drop.
: haracteri sti c - of this disease include I! extreme
<ion<u.stion or hernorrhariinq of capillary vessels of
the g i ] 1 rrcmbranes, and 2! adhes ior. of the gill rnernbranes
pro<lrrci riq clavate 3 gill t ilamcnts or necrosis of: the
+ilaments. A rnyxoba<-.terium can practically always
b< r so! atcd from the gi l ls of diseased f ish, especially
in t!ie initial 'taqe of the infection, and this rnyxo-
b,icterium is considered to be the pathoqen of the
disease. Th's pathogen is said to be identical to
that w'. i<-!i causes bacterial gill disease of salmon
arid trout in th<. United States because both of the
pat:hoqens I>assess the same characteristics. However,
there are still problems in the classification of
this type of myxobacteria, and its generic name has
not yet been established.

XI xobacterial gill disease used to be included
in the so-called "gill nephritis". It is now dis-
tinguished from the nephritis because congestion or
hemorrhaging of the qills is excessive and treatment
with brine dips is not effective. However, we still
face the problem of' rlistinquishing between chronic
myxobacterial uill disease or a subsequent discase
and <.ritica' "gil1 nephritis". Furthermore, even
thouqh examinations of living specimens or of tissue
specim< ns suggest strongly that a myxobacteriurn is
the pathog< n, rc-infections from the cul.tured patho-
qen are either difficult. to obtain or the results of
the re � infec<tions are uncertain. Therefore, one has
to conclude that the virulence of this particular
bacterium depends strongly on its environment. This
evidence has led some to regard myxobacterial qill
disease as a secondary infection of qill nephritis.
Further study of bot.h o these diseases and their
mutual relation is necessary.

I:tiology

The pathogen of myxobacterial gill disease is
slender bacillus, about 5 x 0.~,: in size which has
the slitherinq motion peculiar to rnyxobacteria. Corn-
pared with Chondrococcus columnaris, which is similar



and better known, the pathoqenic bacter i um of myxobac-
t erial gill disease is of obv t.ous1y di f ferent bio-
chemical properties possessing a lower optimum tem-
perature for growth and virulencc. Other character-
istics of this bacterium are l! its length changes
easily, beinc shorter in conditions of hicrh temper-
atures or when found in tissues, 2! its slithering
motion is more obvious, 3! it forms a thinly spread-
out colony if cultured on a flat plate culture medium,
and 4! when parasitizi ng the gills, it does not form
conspicuous columnar aggregations. It infcsts the
gills over their entire surface so that thc aggregate
formations arc not visible to the naked eye while
those of uill rot disease are quite apparent.

Diagnosis

Mvxobactcrial gill disease exhibits no discern-
ible external disease signs. Lightly parasitized
opercula, when cut open and examined, appear =lark
red, and the surfaces of heavily infested opcrcula
are st.icky because of hemorrhagcs. Fxaminations o~
smears from gill tissues usinq a 409x microscooe
often reveal slender bacteria moving in a way
peculiar to myxobacteria, but finding these slender
bacterial pathogens is morc difficult than it is
for gill rot disease. Moreover, the pathogen cannot
be found in the chronic condition of myxobacterial
gill disease. Therefore, diagnosis is difficult.
Bacteriological or histological tests are essential
for accurate diagnosis.

Disease Control Measures

The proper measures for. controlling myxobacterial
gill discase are not known due to a lack of knowledge
about. the causes of the disease. Both brine dips and
administration of medicine are said to be ineffective.
Tests performed by the  ,japanese! authors of the sus-
ceptibility of cultured pathogens to about ten kinds
of anti.biotics showed that the bacteria were sensitive
to tetracycline and especially to !Ualidixic acid.
They were either insensitive to all the rest or the
degree of sensitivity varied a great deal dependinq
on the particular bacterial strains used.
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The typical appearance of an infected
gill. The entire gill looks dark
red and is sticky. The mucous sub-
stance seen in the center is filth
which is not directly related to myxo-
bacterial gill disease,

 'igure VI � 1.

Fi gurc. VI � 2.

 ' ext. by Wakabayashi!

 Photographs by Wakabayashi!
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As seen in this picture, partial
whitening of the gills probably occurs
whc.n the disease becomes chronic..
This is often seen from January through
March. However, most of the time,
the pathogen cannot be isolated from
these lesions, and attempts at rei n-
fection using cultures have been
uns uc:cess f ul, Thus, the diagnosis
of the whitish gills presentee] here
is still only conjectural.



Photo 1

Photo 2
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VI I . COTTON-COVE RFD DI SEASE   1 !

  Seed eels, Adult eels�!

 N <ter Fungaa1 Disease, Aqu<atic Microbial Disease!

Rapidly devclopinq outbreaks of cotton-covered
discase occur mainly betw< en the end of March and
t hc ear ly part of May and. result in mass mortalities .
Fungi in concentrated aggregations invade the head,
t a il, body, and q i I ! s . Explosive outbreaks of this
discase t <kc place several days after cold fronts
f rom th» As ian Cont ir.ent pas s by Japan causing the
water temper < tur e to drop sharply. Massive outbreaks
<ar: a! so occur during thc coldest time of the year,
i,e . January through March. In addition, this
elis»as» can be found at tcr eels have been trans ferred
t o a ne.y' Pond or a f t<1 r seed eels have been added in
la te fall an<! wirit» r . In a!iy case, this di sease occurs
dur inq the season o I low water temperatures and ceases
to occur 1 n '1ay when <water temperatures rise to c lose

o 20o

Et io! oqy

:!1. 1>;ir is '. = 1 c f .1nqus which causes cOtton-covered
d "., >. ta ly tq a! y:omyc-te, d~rol qoi oaa'aa<-
t ica, nr Sa;>ro! cqn i a so. which i s very similar to
Sa:>r L>] «..!n i a pa ra sit i ca. but in which indications of
s<-.xual r oroduct i on cannot he observed.

cI"he dree,iso involves hyphal invasion of he epi-
der. i< .-. fu]. 1 oared by pen brat i or, through thn dermis
: nto> the muscl»s, anri i causes r.ocros is and erosion
o ~ th< s<.. t i s siie s, At the sam<a time, mass i ve formations

.-.I-.:ha 1 zn fes tat.ion occur or, thc sk i n where germinati on
and;>ropanat i on of various fungal spores is observed.
Thc optimum tern >. r at u r < for prop iqat iori o wanderi nq
so<> cs is i n range of 10 � 20 C< but propaqatior. is
f< is!!> in down to nboiit J C. Th<'. rcoroduct1.vP activities
o t the s;>or <- s cl< cl ine in water above about 2 5 C, and
tin S:>Or aaS .-' ie abOVC th i S t emperature beoauSP theV

,nnot corn!>et<' w i t h ottner mi<>robes i n he water .

piinq:il i!1. »<.t i ons result ': ro<y! the attachm<int of
wan<i» r i;iq spot'; s to th< sk i n and the ir s.ibs»quent ger-
n<l rlai . 0;"i. Thin ! >or< ~ =, inVad» the ri -h only after itS



os i st rnce h.rs b<. c n l ower<.d ancl i t. has been made
v< in<.r <t>le b<' .ause of some other caiises oz its
loc al resis ance to in feet ion hns been lowerc.d because
of nbr,<s r <>n!, to<- i o f in f<. ct ion on the skin, oi- some
othe. patholo=ical changes. Among the many possible
prirrnrv eius<.s, th. i n Fc <-.t ion by the bacterium, Aero-
monas, is most important. This infect. ion causes sys-
ternic w«,kn<.ss encl r>akes gerrriination of fungal spores
on the body sur face possible. B<es i dc.s the Aeromonas
ir fcction, fasting in winter also c:ontributes to
systemi<. weakness. It is correct to assume that thc
vi ali.tv oF eels is at. th<: lowest at the beginning
of sprin<r, Sudden drops in the water temperature at
the beginning of spring, which ofter> happen, increase
the vulnerabil>ty oF eels t:o fungal infection. There
are. also cases where change s or water ancl administra-
tion of excess amounts ot sulfa drugs have i.nduced
attacks of cotton coverecl dis<.asc. <Vo suspect that
there exists ar. infectious agent., which has not yet
bi en iclenti Fi eel, which causes local nccrosi s on the
epidermis and reduces local re - i s tcnce to infection.

Diu<' los 1 s

is necessary to confirm t.h< existence of
fungus hyphae usin<r sm~ ars taken from the filthy
cotton-like lumps which stick to the head, tail,
body, or gills. However, it is more important to
<letermine the primary agent or factor whic. .h has
preceded fun<;us gerrninat.ion, Tf examinations of sick
cc ls foun<! rloundering rear the surface or floating
along the walls of their ponds reveal that some
exhibit. no fungus infection while many of them clo
exhibit signs of rccl fin di-ease, then the Aero-
morias bacteria is probabll' the primary invader.
On the other har>d, if all th«ne is exhibit heavy
fungus par asi tizat ion and there are hardly any signs
of red fin disc >se, i t. is di f f ic > 1t to establish

he r>ri mary dis 'asci agent. In this case, it i s
n< ce.ssary to administer mic:robiological as well as
histolog'< al tests or. diseased fish in addition to
< onsiclc r'ng environmental c:onditions which were
presen.t befo.< thc. outbrecik.

D sense Oontrol Neasures

E'ungus is har nful, even as a s<=.condary invader,
because rt <1-;mao< s the epidermis extensively and



causes local necrosis in skin and muscle tissues.
Therefore, fungus pathoqerrs nc< d to be exterminated.
ln order to exterminate ungi, spray thc. poncl with
rnalachitc. qrcer:, The effective. conc<.ntration is
0.2 pprn, but it should be more concentrated  for
example, 0.'> � 1 pprn! for a pond c:ontaining a large
amount of orqani" matt<.r, such as a por d stocked wi'th
cult vated,<dult eels. When applying malachite green
to a pond thc use of a water agitator or a similar
device is necessary because it is vc-.ry dangerous to
have the chemical unevenly distributed in the pond.
The use of formalin spray at a concentration of approx-
imately 13 ppm is also a recommended treatment for
fungus. Spraying of these drugs may increase the
mortalities amonq emaciated eels sir.ce those sus-
c< ptiblc to cot ton-c:overed disease have a low
systemic resistcnce to begin wi th. Treatments for
revitalizrng the fish, such as raising the water
temperature or the salinity of the pond  as in the
case of qill nephritis! arc also effective.

When rod Pin disease is the primary inva<ler,
wc recommend thc. application of sulfa drugs, anti-
biotics, etc.  accordinq to the manufacturer's direc-
tions! during a feeclinq period if thc red tin disease
and the feeding period coincide. r<s a prophylactic
measure to control outbreaks of cotton-covcrecl disease,
reduce the amount of feed in early spring when the
temperature changes drastically; and to control out-
breaks of red fin d>sease, add a Fura.n agent to the
teed for a while after the feeding perioc'. starts. An
inclrrect but eff< ctive control measure is to refrain
from adding sc.c<d eels after th» summer season.
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Figure VII 1. The head o f an eel in fected wi.th
cotton-covered disease.

2. Fungus hyphae.Figure VI I

Figure Vl? 3. Photo 3 shows multiple germ>nation
of heavy-walled spores.

Figure V1T

5 . In the middle of. Hay whc.n wat er tem-
peratures ri sr, the water fungi die
and slough off. r.'lcers can bc seen
on the mouth and on thc side of the
bc.lly of the eel at the tou and on
the head of th:. eel in the middle.
These are marks left after the water
fungi, along with the necrosis ance
eroded skrn, slouch of . In the
bot om example, water fungi attach cl
to the pectorai fin and to the area
above the fin are sloughing< off.

Figure VII

 Text by Lgusa !

 Photographs by Egusa!

4. Four examples of watc.r fungus invasion
of cotton-covered discase. The eel
at the top exhibits signs of reel fin
d,isease and the water fungus has
lightly invaded only the frontal part
of the lower jaw.
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Photo 4

Photo 533



VII I . COTTON-COVE RED DISEASE   2 !

 whit»bait eels!

During the time that whitebait eels arc bc inq
kept in ponds before the feeding season starts, Or
soon after t'ne feed season begins, zany of the whit»-
bait eels may suddenly become covered with fungi on
the body surface. It is common to see that white-
bait oc ls, when kept in a low water temr>erature pond,
become constantly infc cted wi th fiingi. in small numbers,
and they become emaciated and die one after anoth..r.
ln the case of thc eels sporadically rnfected with
fun<>i, th< lips are most often infected with the
bc 1ly or the tail being the next parts a f tected. It
is possible that mechanical abrasions precede fungus
invasion, but usually some other microbial infections
seem to r>roc<.cle t.hc fungus. This rs the usual sitii-
nt i on, but the case descr ibed above at the beginning
is different.

In the case of explosive outbreaks of cotton-
covc.red discase.' in whitebait eels, fungi parasitize
any place on the eel posterior to the rniddle of the
body. Random examination of the drseas»d eels whic;h

floatinq near thc surfice wi!1 reveal that while
some isti do not <.xhlbit fungus oarasrtization, they
suff< r from whitening and ble»d>.nc  of the body. The
bacteriuri, A< romonas, will be isolated frorr almost
a11 of thc- <lisease ' eels includinq th< se fish. Because
of th i s act, Ae romorias i n fr c t i ons are considered to
b< t'hc pr ir<ary c aus» of cotton � covered cli sc aso attacks,
However, we have eri<=oun Lore d ari »nusua1 case o f. an
ex.>los iv outbre ~k ot cotton � covered rii sease in white�
bait c els in which almost all of the diseased fish
werc nfect d by funqi only on the breast.  around the
J ivc.r! . ! n thrs particular cas<., the bacterium, Aero-
mon is, cli cl not take part and the primary < iiuse was
undetermined,

Et.iology

Th< i ri<radinq fungus which c,>us< s cotton � c:overed
clisease in whit»ha>t. <.»ls is the same funqus which
<,ius< ., co.ton � <-.overed disease i n adult «ncl se<.d e. ls .

pathoq n i s a Phy< orvyc.et< func<us, either Sanro-
! ..qnl u:; ir -i» i t cc< or Sa;>rolegnia sl>., i n which sex<ial.
r<.r>rod»et ion is not obs.rv<.d . Unlike the case of



Diagnosis

Zn th<. ini t i al stage, «rcas i nfectcci by fungus
<«xhiblt slightly raised whx te spots on the body sur-
face. These whi t<. spots expand gradually, and begin
to look as though bits oi fluff were at.tached to the
skin. Uo other disease exhibits this sort of abnormal
sign, and it. is casi lv recognized.

!isease  .ontrol Mc.«sures

Sprinkling the pond with malachite green is
effective for extermin«tinq the ungus. Since whit..�
bait eels:«rc sensitive to the toxin of this drug,
it is important to keep tnc.. concentrate.on ot the
drug at 0.2 ppm. Nhen a bacterial Acromonas infection
is c:on f i rme4 a f ter the f<«ccii nq season starts, admi ni s-
t<. r a drug susc.c pt ibi li ty test to thc be<etc rium and
then or.-.lly administer a chemotherapeutic drug which
h«s been indicated <s appropr«atc by th<. results or
th' tost..

large-sized . els,
whi tebait eels ca
blood vess<.ls, he
Once infectect, wh
and they will <',ic
Thus, t.hase funqi

hyphac inv«cling under the skin of
sily i nfcct important organs  major
art, liver, spina] cord, brain, etc. ! .
1 t<.bait ec 1 s will not recov< r nat ural ly,

sooner or later w.ithout cxc:eption.
are very harmful to whitebait eels.



Figurc VIII � 1. Whitebait eels suffering from fungus
infections on the lips.

Figure VIII � 2. Whitebait eels suffering from fungus
infections on the belly.

Figure VIII � 3. Whitebait eels taken at random from
a pond in which an explosive outbreak
of cotton-covered disease has occurred.
The fish with severe fungal infections
have been removed. There are those
with practically no recognizable ex-
ternal abnormalities as well as those
with whitening of a part of the body
but with no sign of fungus growth.
The body is usually slightly bent
at the place at which whitening has
occurred, and water fungi will invade
that place. The Aeromonas bacterium
was isolated from every one of these
eels.

Figure VIII � 4. Whitebait eels from the unusual case,
described in the text, in which the
fungus attacked orly the breast region
of nearly all of the discased fish
in a pond.

 Text by Egusa!

 Photographs by Egusa!
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IX. THICIfODINA INEECTION

Trichodina infection is the result of oara-
sitization by the protozoan Trichodina. It is
the most well-known external. parasiti.c disease of
freshwater fishes, and it occurs on both warm and cold
water species. There arc many species in the genus
Trichodina.

Parasitization is found among eels of all sizes,
but it is more common among small eels in the white-
bait phase and causes them great damage. The number
of outbreaks of Trichodina infection i.n Shizuoka
Prefecture makes it the most prevalent disease of
whi tcbait eels fn that Prefecture.

Trichodinids are found principally on the gills,
the body surface, and the fins. They do not enter the
body. Trichodinids attacking the gills cause gill
tissue destruction and abnormal mucous secretion
folIowed by difficulty in breathing which can be of
serious consequence to the host fish.

Diseased fish do not usually exhibit severe
abnormalities externally, but excessive secretion of
mucous on the gills and the body are observed and the
epidermis is hypertrophied and reddened by congestion
in heavy infestations. Zn a serious condition, the
tips of the gill filaments are missing and appear
as if they had been worn off. Disease signs include
poor appetite, reduced activity and emaciation.
Naturally, diseased fish are very sensitive to lack
of oxygen and to rough handling, and these can
easily result in death.

Outbreaks of Trichodina infection are seen all
year round, but they are most frequent in the early
spring, Also, mixed infections with other parasites
are often seen. The European eel, in contrast to
the Japanese eel, is particularly susceptible to
trichodinids,

~Etiolo E

The pathoqens of Trichodina infection are members
of the peritrich genus Trichodina which is a ciliate
protozoan. The pathogens are considered to be several
in number, but have not yet been identified.
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The pathogen is a most highly dif ferentiated
protozoan with a very complex structure. It looks
like a perfect circle from underneath which is
the abdominal side, and when seen edge-on looks
like a hemisphere indented at the base. It is ciliated
around the body. It moves about on the surfaces of
the body and the gills of host fish. It is about
0.07 mm in diameter and 0.03 mm in height. Repro-
duction is mainly by binary fission, but sexual
reoroduction is also possible. Transmission from one
eel to another is by direct methods such as contact.

Diacinosis

Diagnosis is done by microscopic examinations
 using approximately 100x magnification! of smears
of mucous from the body surface and trom the gills
of affected fish in order to confirm the existence
of parasites. Generally, the parasites are actively
moving around on the tissue surface using rotary
motions of their cilia.

Disease Control measures

Extermination of these parasites is relatively
easy. The use of formalin for approximately 12
hours will generally accomplish complete extermination.
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trichodinid  side view! i nhabit-
inq a gill f ilamcnt i s shaped like
a hemisphere which is indented at
the base and is ciliated around the
body. By moving the cilia tne para-
site actively moves from location
to 1ocation on the gills or body
surface.

trichodinid viewed from the abdominal
side. The orbicular rim is cover d
with cilia. Thc disc inside is an
organ used to attach the parasite to
the host fish. The di.sc has hooks
arranged in a complex ci.rcular struc-
ture which is used as an identifying
mark of the various species in the
genus,

Side vi.ew of Trichodi na

 Text and photographs: the Shi-
zuoka prefecture Fisheries
institute, Lake Hamana Station!
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X. NHITF. SPOT DISEASE

 "lch"!

Tv'hite spot disease is a oarasitic infection
caused by I hthyophthii-ius, a ciliatP protozoan.
Infections on thc host fish's skin look like white
spots, thus the name white spot discase. This
parasite is known to inhabit almost every species of
freshwater tish, and every case ot parasitization
is called white spot disease.

The occurrence of white spot disease was
virtually unknown in Japanese eels unt]l the infec-
tion broke out in a high perce.ntage of European
whitebait eels which were i.mportcd to Japan for the
first time in the spring of l969. This incident
drew new attention to the existence of white spot
disease, and the proposition that white spot disease
could have been brought into Japan with the European
eels was presented. However, Japanese eels are not
totally immune to this disease, and outbreaks fo!lowed
by mass mortalities among slow growing larval eels
have been reported. Other imported eels, such as
American eels, A. rostrata, and Southeast Asian-bred
eels, A. bicolor, are known to be very susceptible to
white spot disease.

This di.sease is not usually fatal, but the pro-
blem this infection causes to the eel culture business
is a r.eduction in the growth of eels due to the infec-
tion and its treatments  such as various medicated
dips! whi.ch in turn bring about poor feedinq.

~Et. 1 o 1 o O

The pathogen of white spot di sease is the ciliate

cellular, and its form is originally egg-shaped; but
as it moves, it becomes elongated or gourd shaped.
The mature organism reaches 500 � 800-' in size. and has
a large transparent  often qolden � looking! nucleus
 usually horseshoe � shaped!. A small nucleus, which
appears to be attached to the larqe nucleus, also
e x 1 s 't s .
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Th is c i 1 late reproduce s by megasporangium
formation. In order words, the mature trOpho oite
drops off the host into the water and attaches
itselt to the bottom of the pond or a floating
object and becomes encysted. The multiple cellular
divisions that follow produce between 200 and 1,000
larval ciliates. Thr larval cil.iate is 30
egg-shaped, with a small protuberance, and covered
with cilia just like the adult. Larval ciliates
brea]- out of the megasporanqia and swim into the
water. When they contact a fish, they penetrate
beneath the epidermis and beqi.n the parasitic stage
of their life cycle where they remain until maturity.

Biagnosl.s

The lesions of white spot disease are located
on parts of the body which make direct contact
with the water, such as the skin, the qills, inner
walls of the mouth, etc.

Generally, the pathogen is capable of moving
freely on the outer surface or under the epidermis
of the parts ot the body which it invades. When an
outer surface is involved, the damage the pathogen
causes i.s sliqht. When it is under the epidermis
of the skin or the inner walls of the mouth, the
tissue becomes hypertrophied and a form of necrosis
or hemorrhages are observed on the dermis beneath
the infected area. However, when the gills are
infected, neither hypertrophy of the gill epithelium
nor any kind of necrosis cr hemorrhages are observed.

Disease Con rol Measures

Various methods of contro"1ing white spot have
been tried for a long time, but a satisfactory method
has not yet been developed.

Exterminati.on measures generally used at present
ran be divided into two categories; 1! the use of
drugs and 2! techniques which make use of the ecoloqy
of the patl.ogen. .he first category is effective
only for extermination of motile pathogens of the body
sur aces of the hosts, and it includes methods which
are applicable to grow-out ponds.



 I! Apply formal in to the pond at a concentrat.iOn
of 30 ppm. Repeat this treatment every 20 to 30 days.

�! Apply methylene blue at a concentration of
3 ppm. Repeat this treatment three or four times at
intervals of 3 or 4 days.

�! Administer brine dips using a concentration
of 5 to 7 ppm,

These thre methods are not very effective during the
low temperature seasons. In addition to these methods,
a medicated bath of chloramine-T is said to be effec-
tive.

The method which makes use of the ecology of the
pathogen consi.sts of raising the water temperature
to 26 to 30 C for 4 to 10 davs to make the pathogen
leave the host fisN. This method is relatively safe,
an it is also quite cffcctive. In order to get rid
~ f the released parasi.tes, i.t is necessary to clean
the walls and the bottom of the pond and replace the
water.



Appearance of diseased eels  European
eel fry, 6 to 7 cm in body lenqth! .
The numerous white spots on the body
are the places where white spot disease
pathogens have invaded. From 2 to
10 individuals of the ciliate are often
concentrated at one place under the
skin of the host fish.  Due to this
fact, the mode of reproducti.on was
once considered to b binary division.
This theory is no longer considered
to be true.!

After the middle of June when water
temperatures exceed 25oC, the patho-
gen automatically drops off the
host eel and disappears.

The pathogen has invaded under the
gil.l epithelium.

microscopic ohotograph of a whi.te
spot pathoqen removed from the skin.
The organism propels itself by movinq
the cilia which cover its body, When
it bumps into an object, it indents
at the point of contact as seen in
the photo. The object inside the
cell wall which looks like a slightly
bent nai.l is thc large nucleus. The
body is filled with innumerable gran-
ules.

 Text by Oka!

 Photographs: Photo 1 6 3 by Egusa,
2 by Oka!
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XI . TRICHOPHRYA INFRCTION

 Suctoria Parasitizationj

Trichophrya infection occurs rarely in Furopean
eels, and it is not known to occur in Japanese eels.
The infection is caused by very heavy infestations
of the gills by a species of suctorian protozoan and
is most prevalent in summer. Only eels smaller than
middle-sized are subject to this infection, while
large members of the species are apparently immune
to the infection. The pathogen does not cause direct
damage to the gills; but when the pathogens infest
the entire surface of the gills, they cause breathing
difficulty, poor appetite, and reduced act.ivity. In
addition, high water temperatures and reduced avail-
ability of oxygen in the water make the eels suffer
from extreme breathing dij:ficulty and cause them to
behave frantically.

Ftiology

The pathogen of Trichophrya infection is a species
of Suctoria, Trichophrya sp. Eight species of Tricho-
phrya have been reported in the world, but the species
which parasitizes eels in Japan has not been identified.
The pathogen is shaped like an eggplant, approximately
30-90 x 20-80 ~, and has 2 to 35 haustella  suction
pipes[ at the front like a tassel. Occasionally, it
can also have a few haustella at the back end. The
pathogen adheres to the gill epithelium with the side
of its body. It moves about somewhat, like an amoeba,
The suctorian sucks in mi.rrobes which are carried to
it by water currents; these microbcs are its main food.
Some scientists believe that thc suctorian also con-
sumes the red blood corpuscles of the fish. Repro-
duction i.s performed by creating spores in the body
of the suctorian and then ejecting the spores from
the body.

Diagnosis

Remove a section of the gills, and mount a thin
slice of gill tissue on a microscope slide using a
cover glass. Perform a micros opic examination to
confirm thr existence of parasites which have a tassel
of suet.ion pipes.
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Disease Control measures

Due to the f act that there have zot been many

the proper disease control measures. Use ot ormalin
at a concentration of 30 ppm in the pond may be
ef fective to a certain degree.
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I'igures XI � 3. specimen of gill tissue para-
si.tized by many Trichophrya.
The parasites have adhered to
the surface of the gill epithe-
lium. The large black spot in
the center of the body is the
large nucleus. The arrows point
to trichodi.nids. Both species
are often found together.

Figures XI � 4. Specimen of Trichophrya sp., It
is easy to recognize this species
by the many suction pipes on the
front of the body.

 Text by Fgusa!

 Photographs: la2 by the
Fisheries Institute of
Shizuoka Prefecture, Lake
Hamana Station; 3&4 by
Fgusa!
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Figures XI � 1 & 2. Trichophrya attached to the
gill, as seen by microscopic
photos of sections of the gill.
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XI 1. MYXIDIUM DERMlcT1TIS

 White Spot Disease!

Myxidlurrr dermatitis is a parasitic disease whose
causative agent is a myxosporidan protozoan of the
genus Myxi cl i um.

In ea.rly summer when the eels come to thc feeding
stations, some may br covered in a salt and pepper
fashion with white spots as biq as sesame seeds. If
white-spotted eels are carefully observed every morning,
you will notice that the white spots qet biqger and
also increase in number. Eventually the entire body
except the head and thc tail will become covered with
the spots md faint internal hemorrhages will be
observed as well. Subsequently, the white spots fade
and c',isappear. The entire process takes about a month.
The number of eels which exhibit these pathological
changes is usually small, but a case in which every
eel in a grow-out pond was infected by this form of
dermatitis has been reported. This intection occurs
most often from the middle of May to early August.
The cliscase affects both Japanese and Furopean eels.

Even though the Myxidium infection is mast visible
on the skin, it is known to infect both the gills and
kidneys. Microscopic c xaminations at low magnifi-
cation should reveal small lumpy sporocysts  which
will be described later! on the gill epithelium.
Kidney infections can be detected only by histological
examination.

Etiology

Myxidium dermatitis is the result of parasiti-
zation by species of the genus Myxidium, of the Order
Myxosporozoa, of the Class Sporoza of the Phylum
Protozoa. Different species are said to attack differ-
ent parts of the eel  i.e. kidney, skin, dorsal fins,
or anal fin!, but there are many morpholoqical simi-
larities in form and parasitic behavior among them.
Even though it has not been previously reportc d, eels
which suf fer from Myxidium infection of the skin also
suf fer from in'ect i ons in the qil! s and the kidneys
without exception. There.ore, in spite of the common
belief that different species of Myxidium attack
different parts of the body, there is a possibility
that they will a11 be classified as the same species.
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Diagnosis

The morphology of dermal parasitization can be
divided into a sporocyst formation type and per-
vasive and infiltration type. In r ither case, para-
siti.zation occurs in the ti.ssue of the dermis  skin!

In the sporocyst type, soft and slightly raised,
irregularly shaped, white or yelLowish-white spots
 about 2 mm in diameter! are observed on the skin.
In the pervasive and infi.ltrate type, as in the
former type, -ott, slightly raised, but indistinct
and slightly larger pale white spots  about 5 mm in
diameter! can be observed.

Microscopic examinations of the milky white
fluid obtained by breaking open either type of the
spots should easily reve~l spores.

When the spores reach maturity, the sporocysts
automatically collapse, and the spores flow out into
the dermal tissue. They then move up into the epi.�
dermis t.i ssue and then onto the body surface. It
takes about one month from the appearance of visible
spots to the release of the spores. Very simi Lar
processes take place in the case of the pervasive
and infiltration type.

Parasitization of the kidneys can be confirmed
only by examining tissue speciments. The parasiti-
zation i.s of a muscle-invading type.

Disease Control Measures

As described above, Nyxidium parasiti.zation occurs
in the gi.l,ls, the kidneys, and the skin, but the in-
.ection of the gil]s and the kidneys cannot. be deter ted
from the outside.

The actual damages caused by Myxidium are not
generally recognized as seriously pathologi.cal.
Since the parasitization cf the ki.dneys and the gi.lls
is slight and does not endanger the life of the cel,
it can be neglected.
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However, dermal parasitization, particularly
when severe, ruins the appearance of the eels and
lowers their market value. Even then, if the
diseased eels are left alone in their grow � out ponds,
the Nyxidium spores will drop off the host eels
about a month after the start of the infection.
The marks of the infection will heal and become
almost i.nconspicuous. In other words, one only
needs to continue feeding as usual and the fish
will heal by themselves.



Ee!s with a Nyxidium infection of
the skin. White spots cover the
entire body except for the head and
tail regions. The infection is the
sporocyst  morphological! type, and
each white spot is a sporocyst in
which countless spores are repro-
duced.

The eels pictured here are in the
beginning stage of the infection.
The white spots will increase in
number, and at the oeak of the
infection they merge into one
another.

Myxidium spores. The Nyxidium spore
is oval-shaped with rather sharp
points at both ends. It has two
polar capsules inside, one on each
end. It i.s covered with two layers
of husks which have vertical striations.
The spore is about 12u long, and about
6- wide; the polar capsule is about
3 in diameter.

 Text by Oka!

 Photographs by Oka!
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XIII. "BEKO" DISEASE

"Beko" disease has been known for a long time.
It results from a microsporidan invasion of the body
muscles. It was reported that "Beko" disease caused
great damage in eel grow-out ponds in Yoshida, Shizuo-
ka Prefecture du ing the years of 1936 and 1938.
Damage from this disease has declined in recent
years. However, there arc signs that the occurrence
of this disease may rise as the importation of seed
eels from foreign countries has increased, and eel
culture in warm water has become more widespread in
thc past two to three years. Generally, the rate of
outbreaks and the damaqe caused by this disease are
not hiqh. Seed eels weighing from 1 to 20 grams are
most susceptible to thc infection.

'I'his di.sease can be recognized by conspicuous
bulqes on the body of the host, with hard, convex
bumps and so t, weak concave depressions of the
surface. Dissection of the soft and weak pockets
reveals a thick milkv-white fluid formed by disin-
tegration and IicEuefaction of the muscle tissue,
Nhen the disease first attacks smaller eels, a part
of the muscles becomes white-spotted in appearance;
when thc disease is in an advanced staqe, the entire
body will be covered with milky yellow spots. Diseased
fish live for a fai rly long time, eat well, and seldom
suffer a sudden death. Itowever, once diseased, the
fish will not recover by themselves, and eventually
emaciation caused by infection of all the body muscles
will result in death.

The time of prevalence for the disease is not
limited to any particular season. It commonly begins
in spring when the water temperatures rise, and it
continues through the all. Also, it generally tends
to break out earlier in warm areas and in grow � out
ponds where warm water eel culture is practiced.

.~plo y

"pekoe" disease is caused by Sl' to~hors a
guillarum, a species of th II>crosporidia qroup of
parasitic protozoa.



The pathogen forms cysts of various sizes in
the muscle fibers. The cysts are ei ther round or
oval, arc 28 to 195'- by 26 to 117u in size and con-
tain many sporo-blastocysts which in turn contain
spores, The spores are eqq-shaped with one slightly
concave side, and are 6 to 10u, by 3 to 5u, in size.

Diagnosis

It is easy to make a diagnosis from external
examinations because diseased eels exhibit irregular
bumps on the body surface. P. furt.her microscopic
examination  usinq a magnification of l00 to 250x!
of smears taken from muscles or from the milky-white
liquefied muscles found in pockets on the body should
confirm the existence of sporozoans.

Disease Control Measures

There is no appropriate treatment for "Beko"
disease at the present time, It is important to
remove and dispose of diseased eels as soon as they
are found during harvesting or selection in order
to prevent further spreading of the disease. Further-
more, it is desirable to disinfect the ponds because
it i.s possible that some sporozoans will survive in
the water and mud to infect eels newly released into
the ponds. "T<alk"  bleachinq powder! is recommended
as the disinfectant agent.
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Figure XIII � 1. Diseased European eels. The body
surfaces are bumpy and have turned
white.

Figure XIII � 2. Diseased eels �3 to 15 cm in body
length! . The white parts of the
bodies are parasitized by micrc-
sporidans. Bulges are not yet
visible.

Figure XIII � 3, The bumpy body surface of a diseased
eel. The protruding parts are hard.
and the caved � in sections are soft
and weak. Dissection of the pockets
reveals a thick, mi.lky white fluid
formed by destruction and lique-
faction of the muscular system.

Figure XIII � 4. Sporozcans �00x magnification!
extracted from a lesion. The spore
is egg-shaped, with one side sliqhtly
caved in. I,iving Spores have the
saturated front and the caudal vacuole
with 3 or 4 horizontal lines across
the inside. There is no polar cap-
sule. In the upper right corner
of the picture sporoblastocysts con-
taining several spores are seen.

 Text by the Fisheries
Institute of Shizuoka
prefecture, Lake Hamana
Station.!

 photographs: ls4 by
same as above, 2&3 by
Egusa!
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XIV. CONNECTED HOLF, DISFASE

 Hole making disease!

Connected hole disease is a strange disease that
once broke out explosively among adult eels in some
of the eel growing ponds in Yaizu City which used
rivers as their water source. The followinq year saw
sporadic outbreaks of. the disease, but no occurrence
was seen after the third year. This infection has
not been reported in any other localities. Therefore,
it may not be of great concern., but we will describe
major aspects of the disease here.

The body surfaces of eels suffering from connected
hole disease exhibit many various � sized ulcers which
are bright. red on the bottom. The eels look so
grotesque that they are not marketable. The ulcers
penetrate deep into the muscles and form connective
holes which contain pink fluid. Several ulcers are
often cornected by these holes.

Connected hole disease infected mostly adult eels
and very seldom did it infect seed eels. Its out-
breaks are most frequent in summer. Eels infected
in the summer became thin; but after the fall, their
ulcers healed naturally and eel moralities seemed to
be low. However, there were many eels which suffered
simultaneously from red fin disease caused by the
bacterium, Aeromonas, or from Paracclo disease caused
by Edwardsiella bacteria, and most of these eels
died. There were also quite a few diseased eels which
exhibited the sign  irregular bumps on the body! of
nBeko" disease.

Etiologg

The causes of connected hole disease are unknown.
kticrosporidans wh' ch looked like Plistophora, keromonas
and Ed a ds' lla bacteria, and ct omycetes Ifongrl
were often discovered in the foci of infection, but
none of these were consistently found in most of the
foci. We reached the tentative conclusion that a
microsporidan was the primary agent; and with other
microbes as secondary agents, it caused the peculiar
pathological changes described here.
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Diagnosis

One glance at its outwardly apparent discase
signs is enough to diagnose connected hole disease.
I3y slic~nq the body near the surface lesions, one
ran easily observe either pink or red con~ected
holes loadznq deep znto the body.
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Eels af flicted with connected hole
disease . The eel in the center
exhibits reddening of the dorsal fin
from a complication with red fin
disease. The eel at the bottom, on
the other hand, suffers both from
ccnneCted hale diSeaSe and ParaCOlO
disease.

Figure XIV � l.

F igure XIV � 2 .

Eels acquired in late fall which are
on the way to a natural recovery.
The redness of the ulcers has faded
into a flesh tint and the surfaces
of the ulcers are covered with hypo-
derma. Bumps as seen in "Beko" dis-
ease are often observed. Generally,
eels that are infected by connected
hole disease in summer become very
thin, as in this photograph.

Figure XIV � 3.

 Text by Egusa!

 Photographs by Egusa!
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Cross sections of tails sliced from
eels infected with connected hole
disease. The lesions have penetrated
into the deep layers of the muscles
and are connected to some of the
ulcers on the body surface.
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XV. DACTYLOGYRUS INFECTION

DactylogyruS infection is the result of para-

been known for a long t.ime. In the case of Japanese
eels, this parasite attacks cultivated adult eels
rather than seed eels, and damage has not been exten-
sive. European eels, on the other hand, are highly
susceptible to the parasite, and suffer grave con-
sequences if infected, This parasitization is con-
sidered to be directly related to the abnormal mass
mortalities of European eels in summer.

diseased eels do not exhibit severe external patho-
logical changes. However, heavy infestations cause
excess secretion of mucous on the gills and damage to
gill tissue. Affected fish show poor appetite,
refusal to eat, reduced activity, and emaciation.

The disease is most prevalent in summer when
water temperatures rise, and mixed infections involv-
ing other species of parasites are often observed.

~Pt ' alod

The parasitic pathogen of Dactylogyrus infection

lar platyhelminth, Neodactylogyrus.

The pathogen is about 0.4 to 0.8 mm in length,
and has four spikes on the front of its head plus two
pairs of eyes. There are no morphological differences
between males and females. The parasite is oviparous,
and the eggs fall to the pond bottom after they are
released. The newly hatched larvae swim about and find
hosts. In summer, several days are required for the
eggs to hatch. The larvae attain maturity in about
a week, and they then begin to lay eggs.

~Di a no s i s

Diagnosis consists of microscopic examinations
 using 100x magnification! to confirm the existence
of the parasite from smears taken from mucous found. on
the body surface and on the gills. The smears should



reveal parasites which are actively expanding and
contracting the body while keeping the posterior
disk securely attached to the tissue of the fish.

very closely. One of the key ways in which they
can be distinguished is that the former has two
pairs of eyes.

Disease Control Measures

Immersion of the fish in a medicated bath con-
taining trichloroethyl alcohol at a concentration of
0 .3 to 0.5 ppm for over 48 hours is effective for
exterminating the pathogen, and this method is widely
used. It is recommended that European eels be given
such a medicated bath regularly once every 15 days
to prevent them from contracting Dactylogyrus disease
since they are very susceptible to it.
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Dactylogyrus parasiti.zing the gill.
Kt is secured firmly to the gill tis-
sue by the posterior disk and engages
in movements of expansion and con-
traction. A r< cently laid egg   ~ !
 s seen at the tip of the gill,

with two pairs of eyes in the head.
There are l4 valves on the rim around
the posterior disk; at the center of
the disk, there is a pair of sickle-

f.irmly attaches itself to the host

fish.  Text by the Lake >Iamana
Station, Fisheries Insti-
tute of Shizuoka Prefecture!

 Photographs: 1 by the
same above, 2 by Egusa!
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XVI . GYRODACTYLUS INFECTION

Gyrodactylus infection is caused by the para-
sitic trematode, Gyrodactylus. Although it has been
known for a long time, there have been few occurrences
which have caused severe damage.

This trematode parasitizes the gills and the
body surfaces. Diseased eels do not exhibit. severe
external pathological changes. Heavy infestations
cause damage to gill tissue and excess secretion of
mucous on the gills and the body surface. Affected
fish show poor appetite, refusal to eat, reduced
activity, and emaciation.

The disease is most prevalent in summer when
water temperatures rise, and mixed infections involv-
inq other parasites are often observed.

E~tiolo E

Gyrodactylus infection is caused by the platy-
he lmi n th trematode, Gyroda talus . The trematode is
long and oval in shape, wi th t wo cone-shaped spikes
at the front end where the opening of the adhesive
gland is located. The back part of the body is shaped
like a disk with two sickle-shaped hooks in the center,
and a small hook at each of 16 valves around thc disk.
The parasite is 0.2 to 0.8 mm in length, and it is
bisexual and viviparous. An embryo is formed inside
the body in the first and second generations of this
worm, and this is why it is sometimes called the third
generation worm, The parasite dies within several
ho~rs after it drops off its host.

The method of transmission is by contact between
eels. The parasite first adheres to the host using
mucous from the adhesive gland on its head, and it
later firmly attaches itself in tissue of the host
eel by using both the hooks located on the small valves
and those in the center of the posterior Risk.

Diagnosi.s

Diagnosis is done by microscopic examination
 using 100x magnification! of smears of mucous lrom



the body surface and from the gills of diseased fish
in order to contirm the existence of the parasite.
The examination should reveal the parasite actively
engaged in expansion and contraction movements while
keeping its rear disk secured into the tissue of the
host fish.

Disease Control Measures

Administration of a medicated hath containing
trichloroethyl alcohol at a concentration of 0.3 to
0.5 ppm for longer than 48 hours is effective for
extermination of the pathogens.



Fiqure XVI � 1 .

it has a disk at the rear end. There
arc 16 small petal-like hooks around
the disk and two large hooks inside.
It attaches itself firmly to the host
usinq the rear disk. The head is
located at the front extremity and
consists of two cone-shaped protu-
burances, between which the openinq
of a mucous gland is situated. In
the center of the body is an embryo.

Figure XVI � 2

 Text and Photographs by the
Fisheries Institute of
Shizuoka Prefecture, Lake
Hamana Station!
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The tremotode,  ;yrodactylus, in fosting
the gills. With its rear disk f irmly
secured into the gill tissue, the para-
site is engaqed in contraction and
expansion movements.
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XVII, ANC'UILLICOLA DISEASE

 Air Bladder JJematode Parasitization!

Anquillicola discase is caused by an extremely
hcavy infest. ation of the air bladder by the nematode,
Anguillicola. This abnormality is seen mainly in
European eels. It has been known for a long time
that this worm attacks Japanese eels in their natural
habitats as we 11 as in grow-out ponds. However, this
parasitic disease has not attracted much attention
due to the fact that althouqh heavy infestations rrray
cause inflammation of the air baldder they seldom
disrupt the eels' normal activities. Compared to
Japanese eels, the Eurooean species is much more
susceptible to this worm, and they suffer. trom a
ni qher ratr- of in fr ct ion and larger numbers of worms
per eel. If heavily infested from the fall through
the summer of thc first year of whitebait cultivation,
young eels may not only cease eating and become
emaciated, but they may even die,

The type of nematode parasitization which has
most serious consequences for the host occurs when
worms grow up and completely fill the air bladder mak-
inq it enormously overblown whereupon it will press
against other internal organs, blood vessels, etc.
Compared to these effects, bad inflammation or
b1eeding of the ai.r bladder and the air ducts caused
by usual heavy infestations are not as serious. When
enlargement of the air bladder is extreme, the lower
abdomen swells and the belly sometimes exhibits
an irreqular contour. Reddening of. the belly skin
due to congestion is occasionally seen. In addition,
the anal zone stretches and turns extremely red.
In an extreme case  especially when the nematodes
have reproduced in the eel! the rear end of the air
bladder bursts open and worms spill out into the
lower abdominal cavity. They may then be pushed out
of the eel through the anus or the opening of the
urethra.

E t i o I o qt'

The pathogen of Anquillicola disease is a species
of nematode, Anguillicola grobiceps. Both sexes
parasitize eels and. feed on eel blood. The female is
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larger than the male and may grow to be 7 cm long.
The male does not grow longer than a little over
4 cm. The smallest visible worms are about 2 mm
long. Usual]y several worms  up to 10! are found
in a host eel. In extreme cases, this number may be
greater than 20 worms per eel.

Reproduction occurs during the entire year.
A large number of larvae are born and are released
into the air bladder of the host eel after the uterus
and body of the parent worm break open. The digestive
tract of the mother worm is also tom when it gives
birth, and the chocolate-colored contents of the tract
flow out. 7f, small number of the larvae penetrate
into the gill tissue in which they mature, but the
rest of them move into the water by way of the air
duct and the digestive tract. Their first inter-
mediate hosts are probably some sort of aquatic ani-
mals that will be eaten by eels, which will in turn
become infected. This method of transmission has
not, however, been firmly established.

Diagnosis

Only one species of air bladder parasitizing
nematode is known in Japan. I f many nematodes which
look like those shown in the pictures on the follow-
ing page are found when dissecting the air bladder,

Disease Control Measures

No effective treatment for this disease exists
at pre e st. nsince the complete 1 ' f cycle oi A~nuilli-
cola is still unknown, no appropriate prophylactic
measures are available. Since eel infection by the
larval phase is considered crucial, the pond water
should. be replaced and the pond bottom should be dis-
infected by appropriate cleaning agent such as mKalk"
 bleach powder! when usi.ng a pond which has contained
eels infected with Anguillicola parasites. When
purchasing seed eels, it is necessary to inspect them
to see whether or not they are carrying Anguillicola
parasites.
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inside the air bladder.

Fj.gure XVII � 2. A diSseCted air bladder after the nema-
todes have reproduced in it. The
chocolate-colored liquid has flowed
out of the nematode digestive tracts.
This substance consists mainly of
digested red corpuscles of eel blood.
A large number of larvae are present
in this chocolate-colored liquid.

Figure xVII � 3. There were l8 to 28 worms in the air
bladders of these European eels. Some
of the worms were fully grown. The
eels' air bladders were enormously
swollen. Swelling of the belly and
reddening are seen, The anal zone
is distended and has turned red. A
nematode can be seen coming out of
the anus of the center eel.

 Text and Photographs by
Egusaj
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XVIII. ANCHOR WON'T INFECTION

Anchor worm infection has been known longer than
any other eel disease. Its occurrence in eel grow-
out ponds and its damage to eels were reported as
early as the Taisho era �910 to 1925!.

Anchor worms emerge and reproduce in eel ponds
from April through November with summer being the
time of peak activity. Only a few of the adult
anchor worms survive the winter conditions.

Pazasitization by anchor worms alone seldom
causes mass mortalities of eels. However, heavy
infestations make eels vulnerable to other infections
or reduce their reproductive capacity, and these may
result in chronic eel mortalities.

The anchor worm inhabits only the mouth cavity.
Heavy infestations prevent the fish from closing
its mouth, and force the mouth to remain open.
Another characteristic of this mouth parasite is
that the front end of the worm penetzates deeply
into the muscular tissue of the lower jaw and often
causes hemorzhaqes inside the lower jaw.

Parasitization by anchor worms reduces the
appetite for a long time and causes the eel to lose
weight. In addition, the infection coincides with
the period when the eels are growing the most.
Therefore, the economic losses caused by this
infection are significant.

Anchor worms tend to attack market-sized or
nearly market-sized eels. Seed eels are very rarely
affected.

Etioloqi

The parasitic pathogen of anchor worm infection
the copepod, Lernaea ~c rinacea. In early spring,

the female copepods, which have been hibernating,
mature and lay their eggs. After the first egg laying,
generations are repeated four or five times, and some
females from the fourth and fifth generations become
the next winter generation in late autumn. Only the
female capepods are parasitic. They have two egg
pouches located at the posterior end of the body.
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The larvae swim f reely in the water after hatching
and ~ature by a process of repeated ecdysis  moltinq! .
As they grow, they become dependent on fish, and they
eventually attach to the body surface of a fish. At
this time, the female and malo copepods mate. After
mat.inq the males die and the females penetrate the
tissues of the hast fish. Approximatelg three weeks
at a temperature of 20oC, l0 days at 27 C, are
required to proceed from hatching to the staqe of para-
sitic attachment and infestation. The number of eggs
per reproduction averages 360, and the female breeds
more than l0 times during her lifetime.

Diagnosis

Open or cut open the mouth in order to confirm
an rnvasion of the copepod.

Disease Control Measures

Early detection and early treatment are most
important for controlling and exterminating the
copcpod. The most widely used method. is to spray
tzichloroethyl alcohol in the pond. However, trich-
lorocthyl alcohol is effective only for larvae;
it has no effect on adult copepods. Thus, in order
to use this method, the times of spraying must be
synchronized with the appropriate stages in the
li.fe cycle of the copepods.

Generally, trichloroethyl alcohol is used in the
amount of 200 to 500 grams per 1,000 meters by 1 meter
depth of pond water volume  which corresponds to a
concentration of 0 2 to 0.5 ppm!. It should be applied
3 or 0 times at intervals of one week when larvae
are present. The most effective measure is to spray
the drug 2 or 3 times during March and April when the
frrst generation of eggs begin to hatch.
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Figure XVZ!! � 1.

A heavy infestation of anchor worms
makes the eel unable to close its
mouth. The eel cannot eat and
becomes emaciated. Secondary in-
fections often occur in areas
infected by anchor worms.

Figure XVIIZ � 2.

 Text and photographs
by Ohue!
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A heavy infestation of anchor worms
which are 5 to 9 mm in size is
visible to the naked eye.
copepod is shaped like a thin
stick which has, as its name indi-
cates, an anchor-like front end
which penetrates deeply into the
tissue of the host fish.



Photo 1

Photo 2
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XIX, GILL NFPHRITIS

 Gill � Kidney Inflammation!

Gill nephritis occurred repeatedly in the Yashida,
Yaizu, and Ohigawa areas of Shizuoka Prefecture during
the winters of 1969-70 and 1970-71, and caused exten-
sive mortalities. Because the characteristic
pathological changes affecting the eels were on the
gills and in the kidneys, this disease was named
"gill nephritis".

The etiology of thiS disease has not yet been
determined, but the name "gill nephritis", without
being precisely defined, has come ta be widely used.
One of the characteristics of this disease is that
it has no apparent visible disease sign. Since this
makes detection difficult, any disease of undetermined
origin tends ta be diagnosed as gill nephritis. In
addition, the best known characteristic of gill neph-
ritis  pathological changes in the gills, e.g. multi-
plication of the epithelial cells, deformation, hyper-
trophy and adhesion of the gill epithelia, and ad-
hesions of the gill filaments which eventually develop
into club � like masses! are not limited to gill neph-
ritis. These symptoms can also be observed in cotton-
capped disease, and they almost always exist in
abdominal dropsy and myxobacterial gill diseases.
Also, gill nephritis often emerges when small amounts
of dissolved heavy metals or other harmful substances
are present. in the water. Abnormalities of the kid-
neys, such as pathological changes cf epithelial
cells of kidney tubules which makes the ce11s appear
like glassy drops, can also be seen in other infections.
Another characteristic of gill nephritis which can
also be observed in other diseases is an extreme reduction
of the volume of chlorine ions in the blood pIasma.
Whether gill nephritis should be established as a
separate entity or not is not clearly determined at
this time, and further study of the disease will be
necessary to answer this question.

The definition of gill nephritis at this time is
as follows. It is a disease which occurs after eels
abstain from eating for a period of time in the winter.
Characterization of this disease includes multipli-
cation of the epi.thelial cells of the gills, deformation,
hypertrophy and adhesion of the gill epithelia, which
finally result in the gill filaments become club-shaped,
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Disease signs which are found in the kidneys include
the emergence and enlargement of drops of a protein-
like substance in the kidney glomerulus, detachment
of the epithelial cells and the emergency of a pro-
tein-like substance in the Howman's capsules, and
collapse and bleeding in the glomerulus. The patho-
logical changes in the kidney tubules are dropsy,
turbidity and hypertrophy of the epithelial cells,
and the epithelial cells exhibit a marked glassy,
drop-like appearance in advanced cases. These glassy
drop-like changes are quite prominent in seriously
diseased fish. No pronounced abnormality exits in
the viscera, the skin, or the fins. None of the identi-
fied bacteria, fungi, or parasites are the pathogens
of gill nephritis. Infectiousness of the disease
has not been determined.

The etiology of. gill nephritis is not known at
the present time, though environmental variables
and metabolic disorders are suspected to be closely
related to the causes of the disease.

There is a myxobacterium known to cause similar
pathological changes in the gills, but this infection
has been established as "myxobacterial gill disease",
a separate entity. Recently, a virus was discovered
in infections of gill nephritis and in other similar
infections, and this has brought up the possibility
that gill nephritis is a viral infection.

Diagnosis

The only visible disease sign is reddening of
the skin and the gills. Dissection does not reveal
any conspicuous abnormalities. However, close
examination of the gills reveals that the gill filaments
do not form the regular, radiating pattern of the
filaments of healthy fish. Many of the gill fila-
ments of diseased fish are crooked and appear swollen.
Low-power microscopic examinations of dissections from
the gill lamellae will reveal irregularly spaced,
hypertrophied, crooked or adhered gill epithelia.
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Tn a healthy fish, these would be lined up regularly
like the teeth of a comb. Advene< d patholoqical
cases exhibit an overall adhesion of the gill epithelia
which results in deformation of the gill filaments into
club-like sha<ies. Judqemont about the presence and
seriousness of pathological changes of the glomerulus
and the tubules in the kidneys must depend on tissue
examinations. Also, it is necessary to confir~ that
the infection being diaqnosed is not caused by any of
the identified parasites, funqi, or bacteria.

Disease Control Measures

Neither prophylaxis nor treatment has been
established since the etiology of gill nephritis is
still unknown. Experiments have proven that salt
in a concentration of 0.8 to 0.8% in the pond water
is effective for stooping eel. mortalities and for
curing the disease, but why this brine treatment is
effective is still a puzzle.



Figure XIX � I

Figure XI X � 2 r, 3 .

Figure XIX � 7 &8
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Figure XIX � 4, 5 &6,

Gills of fish infected by gill
nephritis. The gills appear dark
red because of congestion and the
gill filaments are crooked and
swoller. The orderly, radiat-
ing pattern of the gill filaments
of a healthy fish is no longer
observed. The white spats seen
on the gill of the top eel in
this picture are cysts caused
by sporozoans and. are unrelated
to gill nephritis.

Low power microscopic pictures
of a section of a branchial leaf.
The tips of the gill epithelia
are hypertrophied and adhesions
have occurred in several places
 Fig. 2! . The gill filaments
have been completely deformed
into a club-like shape, as is
shown in Eigur 3.

Tissue specimens which show a
process of multiplication of epi-
thelial cells and of deformation
of the adhered gill filaments
into a club-like shape.

Tissue specimens showing the
advancement af the pathological
changes, which look like glassy
drops, in the kidney tubules,

 Text by Egusa!
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XX. %3DO11INAD DROPSY DISEASE

Abdominal dropsy disease is an infection that
produces a large amount of serous fluid whi.ch accumu-
lates in the abdominal cavity and causes the belly to
swell. Initially, a colorless aqueous liquid accumu-
lates; but gradually the fluid increases in its vis-
cosity, and it solidifies immediately after the belly
is opened in a laparotomy. Further, the aqueous
humor gradually becomes blue-green and solidifies into
a jelly in the abdominal cavity. Affected fish stop
eating and swim slowly near the surface of the pond.
Generally, mortalities are low and the affected fish
recover naturally some time after they stop eatinq.

Occasionally, an Aeromonas infection occurs
simultaneously with abdominal dropsy disease, and the
resultant rate of mortality is quite high.

Abdominal dropsy disease affc«ts all sizes of eels
from whitebait to adult eels. Outbreaks arc seen
mainly in the sprinq and the fall.

E~to 1og

The cause of abdominal dropsy disease is not
known at this time. Possible causes for thc accumu-
lation of abdominal dropsy are malfunctions of thc
kidneys and cjrctrlatory disorders, but the external
aqents which bring about these abnormalities have not
been identified. Because many eels in the same pond
may contract abdominal dropsy disease, it is suspected
to be infectious. However, the infectiousness has not
bt cn established. poisoning by some toxic substanc< iS
another possible cause.

D piano s

It is easy to diagnose abdominal dropsy disease by
dissections since no other disease manifests similar
symptoms. Every affected ecl exhibits a swollen belly
which is soft and from which an aqueous fluid flows
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when it is cut open. 'this fluid immediately solidi-
fies into jelly in some cases. Eels suffering from
advanced cases of abdominal dropsy disease exhibit
bluish abdominal walls externally, and internally
the abdominal cavity is filled with a bluish-green
jelly. Affected eels which have developed a concurrent
bacterial Aeromonas infection will exhibit hemorrhaqes
on the body surface and on the walls of the abdominal
cavity, and they will have reddened intestines.

Disease Control measures

Appropriate prophylaxis and treatment are not
available because the causes of the disease are un-
determined. Red fin disease, which often accompanies
abdominal dropsy, should be treated if it is observed.
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Figure XX � l. Two examples of eels a f fected by
abdominal dropsy disease. Abdominal
dropsy has not accumulated too much
in the eel at the top. Red spots
caused by an Aeromonas infection are
observed on the belly skin.

Figure XX � 2.

A whitebazt eel affected by abdominal
dropsy disease. Whitebait eels
affected by abdominal dropsy disease
exhibit the warped body posture pic-
tured herc.

Figure XX � 3.

 Text by Egusa!

 Photographs by Egusa!

The abdominal cavity is filled with
bluish-green qelly which is solidified
abdominal dropsy. This eel has also
developed a complication of red fin
disease.



Photo 1

Photo 2

Photo 3
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